There is dispute over the climate change mitigating effect of boreal forest management due to the contrasting 20 influence it has on different vectors influencing radiative forcing (RF). For the first time, this study has combined the 21 estimated effects of carbon sequestration in forests and wood products, the surface albedo of forests, the direct and 
where t is time, aj,j = 1, 2, 3 are weights, and τj are time constants (IPCC 2013) . From these the cumulative changes 130 in atmospheric CO2 due to different harvest scenarios were estimated and dynamics of RF impact were derived.
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To illustrate the cumulative warming impact of forest management within a defined timeframe (T) we calculated the 
137
Here is RF related to effect (CO2, A, SOA and PS) and = 100 yr. Accordingly, the total CRF is: 
156
The GPP potential of Finnish forests, used as an input in OptiPipe, was estimated using PRELES for the mean climate to daily changes, which were added to the observed time-series.
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Estimation of the radiative forcing effects of product substitution
173
The avoided CO2 emissions related to wood utilization were computed separately for harvested sawlogs and 
208
Measurements in a boreal Scots pine forest (SMEAR II, Hakola et al. 2012 , Bäck et al. 2012 , Aalto et al. 2014 209 literature values of BVOC emission potentials for different species (Hakola et al. 1998 , 2001 , 2003 , 2006 , Smolander 210 et al. 2014 ) were used to simulate SOA formation for forests of different age and species composition using the one- 
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The SOA effects were calculated for three different ages of pine, spruce and birch forest ( 
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For the climate change effect in the SOSAA, the daily weather for year 2050 was predicted using the SRES A2 
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The changes in direct RF from aerosols were calculated between each canopy condition of the forest and species
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( 
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The monthly mean cloud cover fraction was calculated from ECMWF reanalyzed low cloud cover fraction, which is 256 also expected to have contributed towards the uncertainties. The changes in indirect RF from aerosols were calculated 257 similarly as above between each canopy condition of the forest and tree species (Table 3) based on the method 258 presented in Kurtén et al. (2003) . The results in both direct and indirect forcing calculations were averaged for annual difference between the lowest harvest rates was minor (Fig. 6) 
349
Although the maximum cooling by SOA over rotation was lower than that of cumulative carbon sequestration, the 350 average cooling was comparable since the SOA effect tracked the size of the canopy whereas the carbon effect 
